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Abstract

Abramov V., Goncharov P., Gorin A. et al. Hadron Calorimeter with Scintillators Parallel to
Beam: IHEP Preprint 96-106. – Protvino, 1996. – p. 8, figs. 8, refs.: 3.

A hadron calorimeter in which scintillators are arranged nearly parallel to the incident parti-
cle direction and light is collected by optical fibres with WLS has been built. The iron absorber
plates are of the tapered shape to fit a barrel structure of the collider geometry. The performance
of the calorimeter studied with hadron beam is presented as a function of tilt angle without and
with electromagnetic calorimeter in front of the hadron one.

aNNOTACIQ

aBRAMOW w.w., gONˆAROW p.i., gORIN a.m. I DR. aDRONNYJ KALORIMETR SO SCINTILLQTOROM,
RASPOLOVENNYM PARALLELXNO PUˆKU: pREPRINT ifw— 96-106. – pROTWINO, 1996. – 8 S.,
8 RIS., BIBLIOGR.: 3.

iZGOTOWLEN ADRONNYJ KALORIMETR, W KOTOROM PLASTINY SCINTILLQTORA RASPOLOVENY

PARALLELXNO NAPRAWLENI@ PADA@]IH ˆASTIC I SWET SOBIRAETSQ OPTIˆESKIMI WOLOKNAMI SO

SMESTITELEM SPEKTRA. sTALXNYE PLASTINY POGLOTITELQ IME@T KLINOOBRAZNU@ FORMU, KO-
TORAQ SOOTWETSTWUET CILINDRIˆESKOJ STRUKTURE KOLLAJDERNYH USTANOWOK. hARAKTERISTI-
KI DETEKTORA S NEPRERYWNO IZMENQ@]IMSQ PO GLUBINE S“MPLINGOM IZUˆENY NA ADRONNOM

PUˆKE PRI OTSUTSTWII I PRI NALIˆII “LEKTROMAGNITNOGO KALORIMETRA PERED ADRONNYM I

PREDSTAWLENY KAK FUNKCIQ UGLA NAKLONA DETEKTORA.
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Introduction

In [1] a novel electromagnetic calorimeter design has been proposed which is simple
to construct, easy to assemble, has self-supporting structure and no dead space. Sev-
eral electromagnetic calorimeters of such type were constructed and tested [2]. In this
paper we describe a hadron calorimeter of the similar design discussed in [3]. The con-
structed calorimeter with varying sampling has fully projective structure corresponding
to the collider geometry. The main goal of the study was to prove the principal points:
characteristics of the calorimeter with varying sampling, the calorimeter response in de-
pendence on the particles’ hit angle with/without electromagnetic calorimeter in front of
the hadron one.

1. Calorimeter construction

The geometry of the hadron calorimeter (HCAL) is illustrated in Fig.1. It consists of
the tapered iron plates joint together by spacers and bolts. In the 3 mm gaps between
the absorber plates the scintillators with WLS fibres are inserted. The front cross section
of the calorimeter is 40×39 cm2 and the back side has dimensions 60×61 cm2. The four
sides of the calorimeter are tapered to an angle of 12o. The length of the calorimeter is
100 cm, which corresponds to an overall thickness of about 5λint.

Fig.2a shows the iron plate used in the calorimeter. From one end to another the
thickness of the plate increases from 15 to 25 mm. With the change of the absorber
thickness (variation of sampling) the response along the scintillators must change. The
extruded scintillator 2 mm thick (Fig.2b) is used in the calorimeter. To minimize the
space occupied by the photodetector at the back side of HCAL, the cut in scintillator
had a radial shape in the region, where fibres were coming out of plate. The WLS fibres
doped with K27 are of 1 mm diameter (one end of each fibre is covered with white paint).
The scintillator plates are wraped up in TYVEK L–1073D. The number of photoelectrons
measured with Ru106 is 1 in the middle of scintillator and 4 cm apart the edge of plate.
The difference in light yield response from opposite ends of the scintillators is about 50%,
which approximately corresponds to the change of sampling.
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Fig. 1. The schematic view of the hadron calorimeter.

Fig. 2. Absorber plate – (a); scintillator plate with WLS fibres – (b).
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As one can see from Fig.2 three scintillator plates are packed side by side on the
absorber plate. Fibres from seven scintillators (Fig.3) are bundled together, glued in a
cylindrical plastic tube, forming a tower and then coupled to a photomultiplier (FEU–
84). The calorimeter has 9 towers (3×3). The light from a LED is fanned out to each
phototube to control its gain during measurements.

2. Test-beam setup

The calorimeter was studied with the IHEP 22 beam line. The layout of the ex-
perimental setup is shown in Fig.4a. Three counters in coincidence (S1–S3) along the
beam were used as the trigger. A particle trajectory was measured by the drift chambers
with space resolution 200 µm. Energies of the negative particle beams were 10, 20, 30 and
40 GeV (95% π) and beam momentum spread was less than 1%. Part of the measurements
was carried out with an electromagnetic calorimeter (ECAL) placed 50 cm upstream of
the hadron one with dimensions 21cm×21cm×60cm ( about 23X0, 1.2λint). To calibrate
the electromagnetic calorimeter an electron beam was used with 1% hadrons and muons
contamination.

The intrinsic property of calorimeters with scintillators positioned parallel to particle
trajectory (like ”spaghetti” calorimeter) is the channeling effect – the signal dependence
on the angle between the particle direction with reference to scintillator orientation. Ac-
cording to simulations carried out in [3] the effect is greatly reduced (as expected) if an
electromagnetic calorimeter is installed upstream of the hadron one. To study this effect
the angle between the particle trajectory and the hadron calorimeter axis was varied by
rotating HCAL and bending the beam with the magnet so that the beam axis cross the
centre of the hadron calorimeter.

3. Data analysis

The relative calibration coefficients of the electromagnetic and hadron calorimeters
were obtained by minimization of the function:

F =
N∑

i=1

(
9∑

j=1

αj × Aij + α10 × Ai10 − Eb)2, (1)

where Eb is the beam particle energy, αj is the calibration coefficient of tower j, Aij
is the amplitude of tower j for event i. Parameter α10 defines the ratio between the
electromagnetic and hadron calorimeters.

For electromagnetic calorimeter towers the calibration coefficients were obtained using
the electron beam. The coefficient

Ai10 =
9∑

m=1

αEMm × AEMim (2)

is the energy measured by electromagnetic calorimeter (αEMm is calibration coefficients
and AEMim is the amplitude of tower m for event i).
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Fig. 3. The layout of fibres and photodetectors at the back side of the hadron calorimeter.

Fig. 4. The layout of the experimental setup. DC is a drift chamber, S is a scintillation counter,
ECAL is the electromagnetic calorimeter, HCAL is the hadron calorimeter; (a) – HCAL
is placed along the beam axis; (b) – HCAL is rotated.
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For each event obtained for the fixed HCAL position the angle Θi between a particle
trajectory and the calorimeter radius was defined as shown in Fig.4b. A segment of
this radius contained between the front and the back face of HCAL is halved by particle
trajectory. Then for N events the mean angle Θ was defined:

Θ =
1

N
×
N∑

i=1

Θi. (3)

Fig.5a shows the energy distribution for Θ=0 mrad without ECAL (energy of particle
beam was 10 GeV). This distribution has a long tail due to particle passage through a
scintillator without interaction (channeling effect). There is also a coordinate dependence
of calorimeter response. As is shown in Fig.6, the root mean square (RMS) of energy
distribution as a function of particles’ Y-coordinate at the front face of HCAL changes
with a period of about 20 mm (structure period of HCAL at the front face is 18 mm,
at the half of depth – 23 mm). This variation decreases with increase of angle Θ. The
presence of ECAL in front of HCAL (Fig.5b) appreciably reduces the channeling effect
and the coordinate dependence of calorimeter response.

Fig. 5. Energy distribution: (a) – HCAL, Θ=0 mrad; (b) – ECAL and HCAL, Θ=0 mrad
(solid line is the fit with the Gaussian function).

The RMS dependence of energy distribution on angle Θ shown in Fig.7 with (squares)
and without (circles) ECAL is in a qualitative agreement with MC calculations. For
this dependence the range of particles’ Y-coordinate at the front face of HCAL was 18
mm wide and a scintillator plate was in the middle of it. The angular divergence in
vertical plane was 6 mrad. No attempt was made to determine the energy resolution in
the form σ

E
= A√

E(GeV )
⊕ B because with ECAL in front of HCAL the leakage was

already noticeable at 20 GeV. For 10 GeV pions and Θ=85 mrad the energy resolution is
σ
E
= (24, 7 ± 0.3)%.
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The reconstructed energy distribution for muons is presented in Figs.8a, 8b without
ECAL for Θ=0 mrad and Θ=85 mrad, correspondingly and in Fig.8c with ECAL in front
of HCAL for Θ=0 mrad.

Fig. 6. The root mean square of the energy distribution as a function of particles’ Y-coordinate
at the front face of HCAL (the arrow approximately shows the position of a scintillator
plate).

Fig. 7. The RMS√
E(GeV )

dependence on angle Θ with (squares) and without (circles) ECAL in

front of HCAL.
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Fig. 8. Reconstructed energy distribution for muons: (a) – HCAL, Θ=0 mrad; (b) – HCAL,
Θ=85 mrad; (c) – ECAL and HCAL, Θ=0 mrad.

7



Summary

It has been shown that it is easy to realize fully projective geometry for the proposed
calorimeter design.

The energy resolution of the calorimeter with varying sampling qualitatively agrees
with MC calculations.

With an electromagnetic calorimeter in front of the hadron one the channeling effect
is negligible.
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